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Abstract 
The structure and equipment of a plant can fail due to excessive plastic deformation and progressive degradation of their 
materials. Such is the case of petrochemical plants where, for example, pyrolysis furnaces operating at high temperatures 
are used and, as a consequence, materials are subject to creep conditions, which is one of the main mechanisms causing 
their failure. 
The aim of this paper is to study the creep behaviour of the HP type austenitic steel (Fe, 35Ni, 25Cr) microalloyed with 
Nb, which has high thermomechanical strength associated with the internal microstructure of the matrix. Tests were 
performed at temperatures and under stresses similar to service ones in order to identify acting degradation mechanisms. 
Simultaneously, microstructural evolution under the same time and temperature conditions as those of the tests was 
characterized. 
Torsional creep-rupture tests were conducted working in a temperature range of 1073 to 1273 K and under effective 
stresses between 40 and 90 MPa, keeping both variables constant during each test. 
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Nomenclature 
           creep strain rate (s-1) 
A   material parameter 
 
n  material constant 
Q             activation energy (J) 
R             Boltzmann s constant (J/K) 
T             temperature (K) 
1. Introduction 
In petrochemical industries, power plants and oil refineries, equipment such as vessels, piping, heat 
exchangers, reactors, etc., work under critical service conditions resulting from high temperatures, mechanical 
stresses and, in cases such as pyrolysis furnaces, from a carburizing environment. The highly competitive 
market makes it necessary for these pieces of equipment to meet working requirements, reduce costs and have 
the longest life possible without detriment to their own characteristics.  
Because of this, today s technology requires using heat-resistant alloys, i.e., alloys that can work 
intermittently or continuously at high temperatures, between 1073 and 1423 K, in long-term services; heat-
resistant alloys must also be resistant to corrosion and peeling, keeping their dimensional stability to prevent 
cracking, warping or sagging; and, last but not least, they must be resistant to creep, which is one of the main 
degradation mechanisms leading to failure in service at elevated temperature [May et al., 1996; Ray et al., 
2003; Shariat et al., 2003; De Almeida Soares et al., 1992]. 
Pyrolysis furnaces consist of a tubular coil, a set of tubes with an 110-mm outer diameter, through which a 
gas mixture of steam and ethane circulates at high speed. The high temperatures reached during the cracking 
process promote carbon transfer from the gas stream flowing inside the tubes to their walls, causing 
metallurgical changes, reducing the strength and limiting its lifetime. 
Refractory steels such as the HP austenitic steel (Fe-35Ni-25Cr) ensure pyrolysis furnaces  resistance to 
corrosion and creep when exposed to operating temperatures. In particular, adding Nb as a microalloy favours 
the formation of more stable carbides in the microstructure, thus improving creep properties at high 
temperature [Roach et al., 1992]. 
Creep resistance of refractory steels depends on the chemical composition and the distribution of the phases 
that formed during casting or transformed within their microstructure during service. The primary eutectic-like 
carbide network plays an important role in preventing grain boundary sliding. Secondary precipitation in the 
form of a fine distribution of cube-shaped Cr carbides restricts the motion of dislocations. 
Carbon deposited on the tubes´ inner wall is absorbed by the inner surface and then enters into the 
austenitic matrix, where it precipitates as M7C3 and M23C6 carbides, decreasing Cr concentration in the matrix 
and reducing the tensile strength and creep resistance. HP steels, which are usually used in the as-
cast condition, show phase transformations due to thermal activation after service operation at temperatures 
between 1123 and 1325 K; primary Cr carbides are thus transformed into an intragranular and intergranular 
M23C6 precipitate [Barbabela et al., 1991]. 
The aim of this paper is to study the creep behaviour of the HP austenitic steel (Fe, 35Ni, 25Cr) 
microalloyed with Nb, which has high thermomechanical strength associated with the internal microstructure 
of the matrix. Variation of characteristic parameters such as activation energy Q and stress exponent n, related 
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to creep strain rate, applied stress and temperature, was analysed. Simultaneously, microstructural evolution 
under the same time and temperature conditions as those of the tests was characterized. 
2. Experimental procedure 
Specimens for this analysis were taken from tubes with a 110-m outer diameter and an 11-mm wall 
thickness. Thereafter, some of these samples were selected for determining their chemical composition; light 
optical microscopy (LOM) and scanning electron microscopy (SEM) were used to characterize the 
microstructure in the as-cast condition and its evolution after the different tests.  
HP cast alloys are essentially Fe 25Cr 35Ni austenitic stainless steels. These alloys are modified adding 
Nb to form NbC precipitates for carbide stability at high temperatures; another option is adding W or Ti. 
Table 1 shows the components and the concentrations (% wt) for the HP steel modified with Nb, known as 
HP-Nb. 
Table 1. Chemical composition of the HP-Nb alloy 
Material: modified  
HP alloy. 
C Si Mn Cr Ni Nb Mo Fe 
0.60 1.8 2.0 25 35 1.34 0.5 Balance 
 
The experimental procedure for characterizing the microstructure, including phase identification, 
morphology of primary and secondary precipitation as well as phase transformation studies, was done by 
means of LOM and SEM with an energy dispersive X-Ray analyzing system. To prepare the samples, 
specimens were roughened with abrasive papers of different particle sizes and then chemically treated with 
glyceregia (60 % HCl, 20 % HNO3, 40 % glycerol) for 25 seconds at room temperature.  
The study of the microstructure allows interpreting kinetic transformations in the precipitated phases, the 
nucleation and evolution of microcavities responsible for the damage.  
Figure 1 shows the as-cast microstructure corresponding to the HP-Nb alloy modified with Nb: an 
austenitic matrix with Cr and Nb carbides in the interdendritic spaces. There is a network of primary carbides 
along grain boundaries, lying in a dendritic pattern. 
 
 
 
 
 
 
 
 
Fig. 1. Light optical micrographs of the HP-Nb alloy in the as-cast condition. 
As Figure 2 illustrates -type 
primary carbides, rich in Cr (M7C3 and/or M23C6 type) and Nb (MC type), located among the dendrites with 
slight intergranular dispersion. 
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Fig. 2. SEM and energy-dispersive X-ray (EDX) spectroscopy of eutectic-type primary carbides in the as-cast condition: a) rich in Cr 
; b) . 
Simultaneously, the material was heat-treated by annealing in the same time and temperature ranges as in 
the creep tests in order to distinguish how temperature or stress influences the microstructural evolution. 
Creep tests were performed using a torsion machine with an added electric oven. The hot end of a chromel-
 Strain was 
calculated taking into account the angular movement of a certain point of the specimen, keeping the other end 
fixed. The torsional moment was obtained applying a constant torque and this was the unique cause of axis 
rotation [Shariat et al., 2003]. 
3. Results and discussion 
In order to obtain creep data to predi behaviour, torsional creep-rupture tests under 
different stresses and at different temperatures were conducted, working in a temperature range of 1073 to 
1273 K and under effective stresses between 40 and 90 MPa, keeping both variables constant during each test 
[Bailey et al., 2005]. 
 
 
 
 
 
 
Fig. 3. Creep curves for HP-Nb: (a) under  = 50 MPa and at different temperatures; (b) at T = 1173 K and under different stresses. 
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Based on the plotted graphs, working in the region of the secondary creep (steady state), where the slope of 
the curve is almost constant, and using the power law (equation 1), parameters n and Q were calculated, at a 
constant temperature and under a constant stress, respectively, in relation to the deformation 
mechanisms [Bailey et al., 2005]. The general expression of the law is: 
RTQn
eA
/
                                                                                                                                    (1)     
Creep strain rate values for the different mechanical stresses applied at the same test temperature, T = 1173 
K, are represented in Figure 4a. Two distinct regions can be seen in the relationship between strain rate d /dt 
and stress . Applying the power law (equation 1), the value for exponent n is approximately 6 under low 
stresses, while it is approximately 19 under higher ones. 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Plot of creep strain rate as a function of: (a) applied stresses at a constant temperature (1173 K) and (b) the reciprocal of the 
temperature under a constant applied stress (50 MPa).  
Activation energy Q can also be calculated from the power law (equation 1). Based on tests performed at 
different temperatures and under a stress of 50 MPa, creep strain rate as a function of the reciprocal of the 
temperature is plotted in Figure 4b. Results were adjusted by a linear regression through a line of slope 
proportional to Q. Two Q values were obtained: for test temperatures below 1193 K, Q was 331 kJ/mol, while 
above this breaking temperature Q increased to 450 kJ/mol. The apparent activation energy between these two 
temperature intervals is negative showing anomalous creep behaviour. 
Almeida Soares et al. have proposed that creep strain rate reduction in this temperature range is a 
consequence of the secondary precipitation of M23C6 carbides and the fragmentation of primary carbides, as 
well as the partial transformation of NbC to a nickel-niobium silicide, G phase, in the austenitic matrix. 
Moreover, they have studied the Time-Temperature-Transformation diagram for the M23C6 carbides 
precipitation in this alloy and observed that the nose is at 1223 K. This fine precipitation may require change 
the dislocations motion mechanism generating the change of creep mechanism between the range of low and 
high temperature showing in the transition an anomalous range with negative apparent activation energy 
[Rouault-Rogez et al., 1994]. 
4. Conclusions 
The following conclusions can be drawn from the analysis carried out on the modified HP steel: 
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 Two distinct stress exponent and creep activation energy values were obtained applying the power law 
which would indicate a change of the acting dislocation mechanisms. 
 The change of the dislocations motion mechanism is related with a fine precipitation of M23C6 carbides at 
the same temperature as observed for others authors doing TTT diagrams. 
 We consider that these analyses could provide a better understanding of the influence of the combined 
effects of stress, strain and temperature on microstructural evolution when all of them occur 
simultaneously in the material during its service life. 
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